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Fig. 1. Rate (in nanomoles per milligram 
of protein) of ethylene (C.H.) and mal- 
onaldehyde formation by rat liver micro- 
somes. The reaction system contained in a 
total volume of 5 ml (in umole): tris 
buffer (pH 7.5), 50; KC1, 300; NADPH2, 
0.6; ATP, 2.0; cupric ions, 5; and ascor- 
bate, 50; in addition it contained 6 mg 
of microsomal protein. Microsomes were 
prepared as described by Ernster et al. (8). 
Arrows indicate further addition of 50 
,/mole of ascorbate at times indicated. 
Malonaldehyde was determined by the 
thiobarbituric acid reaction (9); a molar 
extinction coefficient, at 535 m,u, of 1.56 X 
10" was used to determine malonaldehyde 
formed in the reaction (10). Ethylene was 
determined as previously described by 
Meigh et al. (11). 

activity in animal systems. The dic- 
tates of comparative biochemistry sug- 
gest that if ethylene, in minute con- 

centrations, possesses physiological ac- 
tivities in plant cells (1), it is feasible 
to consider that it may also affect ani- 
mal cells. 
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Abstract. Optical Fourier transforms, 
made of elect7ron inicrographs of the 
crystalline array of ribontlcleoprotein 
known as chromatoid bodies of En- 
tamoeba invadens, have been interpret- 
ed as the transfornzms of a helix of 12 
nodes in five turns. A model shows 
that this helix / may be built of spheres 
180 angstroms in diameter, placed at 
a radius of 150 angstroms. The optical 
transform of the mlodel is very simrilar 
to the transform of the original electron 
micrograph. 

Chromatoid bodies, so named be- 
cause they stain with basic dyes, have 
been known to parasitologists as diag- 
nostic features of several species of En- 
tacmoeba for 70 years. In En- 
tamoeba invadens, the species we have 
studied, the bodies occur within the 
cysts as refractile rods, about 
3 X 3 X 8 Mt in size. Their nature was 
unknown until recently. In 1955 Pan 
and Gieman (1) were able to demon- 
strate the presence of RNA, but not 
DNA, within the bodies by histochem- 
ical tests. In 1958 Barker and Deutsch 

(2) reported that, in electron micro- 

graphs, these bodies consisted of crys- 
talline arrays of particles -200 A in 
diameter. In further studies (3), 
Barker and Svihla were able to dem- 
onstrate that the ultraviolet absorption 
of the chromatoid bodies was consistent 
with a high RNA content, and they 
suggested the probable ribosomal na- 
ture of the -200-A particles. In 1963 
Siddiqui and Rudzinska (4) published 
electron micrographs showing a helical 

arrangement of the ribosomes in chro- 
matoid bodies, but the details of the 
helix were not resolved. These authors 

pointed out that the hexagonally packed 
crystalline array seen in some sections 
must be the appearance of the chroma- 
toid body when sectioned at right an- 
gles (cross sections) to the ,planes in 
which the helical arrays are disclosed 
(longitudinal sections). 

Below we interpret fortunately ori- 
ented electron micrographs of sections 
through chromatoid bodies by the use 
of optical diffraction techniques. The 
combined use of these techniques was 
first described by Klug and Berger (5). 
From such data, we have been able to 
deduce the helical parameters which 
describe the packing of the ribosome 

particles within the chromatoid bodies, 
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Amoebas were cultivated as described Amoebas were cultivated as described 

by Morgan and Terkelsen (6). Cysts 
were fixed for microscopy by the ad- 
dition of glutaraldehyde (50-percent 
solution, Fisher) directly to the culture 
fluid. After being washed and postfixed 
in Dalton's chrome-osmium solution, 
the cells were stained with 1 percent 
uranyl acetate in 10 percent formalin. 
The preparations were then dehydrated 
in acetone, followed by immersion in 
propylene oxide and embedding in an 
Epon-Araldite mixture. Sections were 
cut with glass knives on LKB ultra- 
microtomes, stained with lead citrate, 
and examined in a Philips model 200 
electron microscope. An example of a 
longitudinal section is shown in Fig. 1. 

From such micrographs, various 
measurements (such as those of particle 
diameter and chain separation) may be 
made directly. Although a helical pack- 
ing is strongly suggested, it is virtually 
impossible to follow the exact course 
of any one helix in such a picture. An 
objective method of analyzing all the 
regularities seen here involves taking 
the Fourier transform of the picture, 
and this may be done by using the 
micrograph as the "mask" (or "speci- 
men") of the optical diffractometer. 

Table 1. Layer line measurements from 
optical transform of Fig. 1. 

Layer line Observed Calculated 

assignments spacing; spacing for 
(A) 900-A period 

2 432 450 
3 308 300 
5 180 180 
7 127 129 

; Spacing calculated from measurements on the 
diffractogram, the optical constants of diffractom- 
eter, and the magnification of electron micrograph, 
The accuracy of these and other spacings given 
in the text is aboult ?5 percent. 

by Morgan and Terkelsen (6). Cysts 
were fixed for microscopy by the ad- 
dition of glutaraldehyde (50-percent 
solution, Fisher) directly to the culture 
fluid. After being washed and postfixed 
in Dalton's chrome-osmium solution, 
the cells were stained with 1 percent 
uranyl acetate in 10 percent formalin. 
The preparations were then dehydrated 
in acetone, followed by immersion in 
propylene oxide and embedding in an 
Epon-Araldite mixture. Sections were 
cut with glass knives on LKB ultra- 
microtomes, stained with lead citrate, 
and examined in a Philips model 200 
electron microscope. An example of a 
longitudinal section is shown in Fig. 1. 

From such micrographs, various 
measurements (such as those of particle 
diameter and chain separation) may be 
made directly. Although a helical pack- 
ing is strongly suggested, it is virtually 
impossible to follow the exact course 
of any one helix in such a picture. An 
objective method of analyzing all the 
regularities seen here involves taking 
the Fourier transform of the picture, 
and this may be done by using the 
micrograph as the "mask" (or "speci- 
men") of the optical diffractometer. 

Table 1. Layer line measurements from 
optical transform of Fig. 1. 

Layer line Observed Calculated 

assignments spacing; spacing for 
(A) 900-A period 

2 432 450 
3 308 300 
5 180 180 
7 127 129 

; Spacing calculated from measurements on the 
diffractogram, the optical constants of diffractom- 
eter, and the magnification of electron micrograph, 
The accuracy of these and other spacings given 
in the text is aboult ?5 percent. 

Fig. 1. Electron micrograph of a section 
through a chromatoid body of Entamoeba 
invadens. The distance between neighbor- 
ing chains is 440 A. 

SCIENCE, VOL. 152 

Fig. 1. Electron micrograph of a section 
through a chromatoid body of Entamoeba 
invadens. The distance between neighbor- 
ing chains is 440 A. 

SCIENCE, VOL. 152 



Fig. 2. (Left) Optical transform or diffractogram made directly from a negative of 
Fig. 1. The numbers give the assigned layer line indexing. Exposure time: 18 hours. 
The long-armed "X" through the center is the transform of the rectangular area of the 
mask which was exposed in the diffractometer, and is not due to any of the pattern 
within the electron micrograph itself. (Right) Diffractogram of a single helix, 12 
nodes in five turns, five repeat periods long. Exposure time: 1 hour. 

The diffractometer used was the one 
built and described by Wyckoff et al. 
(see 7). The optical transform (or 
"diffractogram") of Fig. 1 is shown in 
Fig. 2 (left), and may instantly be 
recognized as the transform of a helix. 
One has only to assign the correct or- 
ders to the Bessel functions involved 
in order to deduce the parameters of 
the helix (8). The layer line spacings 
seen and their indexing are given in 
Table 1. The helical repeat distance is 
900 A. 

We assign the strong reflection on 
the fifth layer line to a first order Bes- 
sel function, JI, since it is the nearest 
to the meridian but is clearly not truly 
meridional. Then the next strongest re- 
flection, on the second layer line, which 
is also the next furthest from the me- 
ridian, must be a J2. There is no other 
Ji on any layer line between 1 and 5. 
A very weak reflection on the seventh 
layer line could possibly be a Jl. The 
smallest set of helical parameters which 
will give such Bessel functions is pro- 
vided by 12 scattering nodes in five 
turns. From the radius of the J, on the 
fifth layer line (and knowing the mag- 
nification of the electron micrograph 
"mask"), we compute that the centers 
of these nodes must be at a radius of 
about 150 A from the helix axis. If we 
then identify a "scattering node" with 
one of the particles 180 A in diameter 
(thiat is, ribosomes) seen in the micro- 
graphs, we can build an idealized model 
of a chromatoid body. Two helical 
units of such a model are shown in Fig. 
3. The optical transform of the pro- 
jection of one such unit onto a plane 
through the helical axis and including 
one node (made according to the tech- 
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nique given in Wyckoff et al., 7) is 
shown in Fig. 2 (right). Although the 
intensities of the diffraction maxima 
given by this model do not exactly 
match those given by the micrograph 
(nor could they be expected to), the 
positions in reciprocal space of both 
sets of these maxima match very well. 
We take the goodness of this fit as an 
indication that we have correctly inter- 
preted the helical parameters. The 
equator of the transform of the elec- 
tron micrograph (Fig. 2, left) shows 
two reflections which are the first and 
second orders of 440 A, the spacing 
between adjacent helices. These reflec- 
tions are not seen in the transform of 
the model (Fig. 2, right) because it is 
the transform of only one helical unit. 

The model places ribosomes on the 
helical net of 12 nodes in five turns, 
but we see that the resulting structure 
is more simply (and equivalently) vis- 
ualized as being built of two opposing 
chains, each consisting of six ribosomes 
in one turn. One chain is carried into 
the other by a rotation of 150? and a 
translation of 75 A about and along 
the helical axis. Along any one chain, 
ribosomal units 180 A in diameter are 
in contact with each other. Neither the 
micrographs nor their diffraction pat- 
terns give any indication of more de- 
tailed structure within these apparently 
spherical units. 

The fact that, at the edge of the 
chromatoid bodies, helices of ribosomes 
are seen both lying free in the neigh- 
boring cytoplasm and attached to the 
crystalline arrays at various angles, sug- 
gests the pre-assembly of the helices 
within the cytoplasm. If these helices 
consist only of spherical particles 180 

A in diameter, arranged, as in our 
model, with their centers at a radius 
of 150 A, then there would exist an 
empty core, of radius 60 A, down the 
middle of each double-helical strand. 
Since, in the micrographs, the electron 
density along any helical axis is ob- 
viously greater than the electron den- 
sity between adjacent helices within the 
crystal, one can postulate the presence 
of some sort of core material filling 
this space. 

Electron microscopy of other ribo- 
somes has shown (9) that they consist 
of a larger (50S or 60S) and a small- 
er (30S or 4.0S) subunit. If we as- 
sume that our 180-A particle repre- 
sents the larger subunit, then there 
would be room within the proposed 
packing for the smaller subunits of one 
chain to bridge the gap across the heli- 
cal axis and make contact with the 
smaller subunits of the ribosomes on 
the opposite chain. This type of dimer- 
ization has been seen previously in 
preparations of 100S particles (10). 

It remains to be seen whether the 
forces involved in maintaining ribo- 
somal units within an individual helix 
are significantly different from the 
forces involved in achieving crystalline 
coherence of neighboring helices. Ex- 
periments designed to elucidate these 
points are in progress and will be re- 
ported separately. 

Electron micrographs of cross sec- 
tions through the chromatoid bodies 
show that the helices are packed to- 
gether on a hexagonal lattice with a 
separation between centers of approxi- 
mately 440 A. The proposed model ac- 
commodates such a packing, and sug- 
gests that neighboring chains will pack 

Fig. 3. Photograph of a model of two 
helices, each composed of 12 nodes (180 
A in diameter) in five turns. The separa- 
tion between the helical axes is 440 A. 
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more easily if displaced vertically with 
respect to one another by about one- 
sixth of the period. Inspection of Fig. 1 
shows that this displacement is indeed 
seen in the micrographs. 
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over the following 7 to 12 days, which 
upon supraspinal influences. 

Stimulation and ablation studies have 
indicated the significance of specific 
brainstem and spinal cord areas in the 
regulation of the micturition reflex in 
mammals (1). Transection of the brain- 
stem of the cat below the level of the 
rostral pons results in abolition of the 

high-amplitude, sustained, contractile 

response of the urinary bladder elicited 

by slow retrograde filling (2). This 
contractile response with sequential pas- 
sive relaxation of the sphincter effects 

completes evacuation of the bladder. 
The ontogeny of this reflex has not 
been investigated. Forty-eight New Zea- 
land rabbits ranging in age from 1 day 
to 6 months were studied (3). Rab- 
bits were anesthetized with ether; 
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result in a coordinated reflex dependent 

tracheostomy was performed, and a 

polyethylene catheter of appropriate size 
was inserted through the distal urethra 
into the bladder. The urethral catheter 
was connected to a T-shaped cannula; 
one arm of the "T" was connected to 
the output of a positive displacement 
pump (4) and the other arm to a 
strain gauge whose output was recorded 
on a Model 680 Moseley Autograf 
strip chart recorder. Warm, normal sa- 
line was pumped into the bladder slow- 
ly at known infusion rates. A cysto- 
metrogram and a determination of the 
reflex threshold and amplitude of the 
contractile response were made while 
the intact animal was under light ether 
anesthesia. A laminectomy was per- 
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Fig. 1. Micturition reflex activity in a 1-day-old rabbit. 1, Cystometrogram in intact 
rabbit; 2, cystometrogram after complete transection of mid-thoracic portion of spinal 
cord; 3, cystometrogram after suction ablation of lumbo-sacral portion of the spinal 
cord. There is persistence of organized reflex response of the bladder after complete 
neurological isolation. 
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formed and the spinal cord was tran- 
sected either at the cervico-medullary 
junction or at the mid-thoracic level. 
Transection of the spinal cord was per- 
formed by suction ablation, and more 
cystometrograms were made. This pro- 
cedure was followed by laminectomy 
and suction ablation of the lumbo-sacral 
portion of the spinal cord, after which 
a third set of cystometrograms were 
made. The animals were killed and au- 
topsied, and completeness of spinal cord 
transection was checked. Results of 
these experiments are shown in Fig. 1. 

In the first 1 to 2 days of postnatal 
life neither section of the cervical and 
thoracic cord nor destruction of the 
lumbo-sacral cord abolished the micturi- 
tion reflex. To the contrary, the micturi- 
tion reflex was frequently increased in 
amplitude after these procedures (5). 
From the 3rd to the 13th or 14th day 
of postnatal life the reflex was incon- 
sistently abolished by transection of the 
spinal cord at the mid-thoracic level. 
Subsequent ablation of the lumbo- 
sacral cord at this time did not abolish 
the bladder contractile response in one 
of the two 10-day-old animals that we 
tested. After the 2nd week of postnatal 
life, transection of the spinal cord at 
either the cervico-medullary junction or 
the mid-thoracic portion of the spinal 
cord resulted in loss of the micturition 
reflex. No consistent change was ob- 
served in either low-amplitude vesical 
rhythmic activity or slope of the tonus 
limb after the ablation procedures 
throughout this interval. 

Developmental studies of tonic postur- 
al mechanisms have indicated that mat- 
urational changes occur in the first 2 to 
3 weeks of postnatal life in a cranio- 
caudal direction (6). These matura- 
tional changes are due to developmental 
changes in afferent reflex pathways. 
Studies in adult animals have indicated 
a close association between tonic postur- 
al mechanisms and micturition reflex 
threshold (7). A similar time course in 
developmental sequence of the micturi- 
tion reflex and postural mechanisms 
would be anticipated. Our results con- 
firm the similarity of temporal sequence 
in development of supraspinal regula- 
tion of the micturition reflex. 

It is concluded from these experi- 
ments that the urinary bladder of the 
rabbit is in functional isolation from 
the central nervous system during the 
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Visceral Reflex Activity: Development in Postnatal Rabbit 

Abstract. In postnatal rabbits there is progressive development of central regu- 
lation of the inicturition reflex. During the first 1 to 2 days of postnatal life a 
coordinated sustained reflex may be obtained from the bladder which has been 
isolated from the central nervous system. Changes in reflex integration occur 
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